In a paper on the facultative autotroph, Pseudomonas saccharophila, Doudoroff (1940) noted that this organism forms an extracellular amylase when grown with starch as a source of carbon. Later studies showed that this enzyme could be formed also in resting cellular suspensions simply by the addition of starch or maltose (Klein and Doudoroff, unpublished experiments). In this respect, P. saccharophila appears to be similar to P. fluorescens and P. putrefaciens, both of which can be induced to form enzymes in the absence of added nitrogenous compounds (Stanier, 1951; Klein and Doudoroff, 1950) . These bacteria thus resemble yeasts in their capacity to form new enzyme protein from endogenous sources.
In a paper on the facultative autotroph, Pseudomonas saccharophila, Doudoroff (1940) noted that this organism forms an extracellular amylase when grown with starch as a source of carbon. Later studies showed that this enzyme could be formed also in resting cellular suspensions simply by the addition of starch or maltose (Klein and Doudoroff, unpublished experiments) . In this respect, P. saccharophila appears to be similar to P. fluorescens and P. putrefaciens, both of which can be induced to form enzymes in the absence of added nitrogenous compounds (Stanier, 1951; Klein and Doudoroff, 1950) . These bacteria thus resemble yeasts in their capacity to form new enzyme protein from endogenous sources.
The purpose of the experiments reported here is to describe and characterize the amylase system of P. saccharophila, to test the effect of various factors on the induction of this enzyme, and to study possible interactions between the induction of amylase and that of another inducible system.
MATERALS AND MLETODS
Organism and media used. P. saccharophila (Doudoroff, 1940) was maintained on agar slants containing the following: 0.033 M KH2PO4-NalHPO0 buffer (pH 6.64 (McIlwain, 1948) , after which the intact cells, cell debris and alumina were removed by centrifugation, and the supernatant was assayed for sucrose phosphorylase, using the method of Doudoroff (1943) . Under the conditions employed in this study, the rate of disappearance of inorganic orthophosphate was linear for 40 min at 30 C.
Assay for amylase. The source of enzyme for these assays was the supernatant liquid from experiments in which cells of P. saccharophila were incubated with starch or maltose in phosphate buffer. The activity of the enzyme was measured by one of the following methods: Starch-iodine method: The following modification of the method of Smith and Roe (1949) (Noelting and Bernfeld, 1948 added to a final concentration of 0.3 per cent at zero time. Samples were removed at various times and transferred to 12-ml Spinco centrifuge tubes which were immediately swirled in an ice bath for a period of 1M min. This procedure rapidly lowered the temperature of the mixture to 5 C.
By 13 min after removal of each sample, the supernatant and cells had been separated. Assays for amylase were performed on the supernatants and the results obtained are given in figure 2.
It can be seen that no lag period was observed in the synthesis of the amylase. The maximum possible lag period in enzyme production in this experiment is 13 min. Thus it is reasonable to conclude that, under the conditions employed, synthesis of this protein commences very soon, if not immediately, after addition of the inducer, and continues at a constant rate for several hours. Of course, since the enzyme investigated here is largely extracellular, figures 1 and 2 represent merely the rate of appearance of enzyme in the supernatant. The kinetics of amylase appearance may thus be a summation of synthesis and secretion unless, as is not unlikely, synthesis takes place at the cell surface. lar suspensions were prepared in 0.033 M phosphate buffer and varying concentrations of maltose or starch were added. The suspensions were then aerated at room temperature on a rotary shaker for 8 hr, after which the cells were removed and the supernatants assayed for amylase activity. The results, illustrated in figure 3, demonstrate that maltose and starch are essentially equivalent inducers on a weight basis. Furthermore, the data indicate that induction with these compounds is a function of inducer concentration. It should be noted, however, that starch and maltose serve the dual functions of inducer and energy source in these experiments. Therefore, these data show the over-all effect of inducer concentration on enzyme production and do not necessarily reflect the influence of maltose or starch as inducers.
In the absence of a "gratuitous inducer" (Monod and Cohn, 1952) of amylase formation, we have attempted to obtain further information on the effect of the inducer concentration in the following manner. In the series of inductions with maltose, chemical analyses for maltose were performed on the supernatants at the time of assay for amylase. These determinations showed that, using initial concentrations of maltose above 0.1 per cent, the amount of reducing sugar utilized during the 8-hr incubation period was constant, regardless of the initial maltose concentration. It is therefore probable that the systems for generating energy were saturated at the higher concentrations. For this reason, the increased levels of amylase produced at higher substrate concentrations may be considered to be a consequence of an increase of inducer concentration, rather than of an energy or carbon source.
The effect of added ammonium chloride or acidhydrolyzed casein on the biosynthesis of a-amylase. Since suspensions of P. saccharophila were found to be capable of forming enzyme in the absence of added nitrogenous compounds, it was of interest to test the effect of such substances on the formation of amylase. Accordingly, ammonium chloride or acid-hydrolyzed casein, over the concentration range of from 0.01 to 0.5 per cent, were added to the cells during adaptation. These substances had no stimulatory effect on resting cellular suspensions. However, when the salts (Whelton and Doudoroff, 1945) . Thus these apparent stimulatory effects may be attributable to the growth of the cells rather than to an actual increase in the amount of enzyme produced per cell. Indeed the lack of stimulation of enzyme synthesis by these compounds in the absence of added salts makes this interpretation seem reasonable. For this purpose, studies were conducted using conventional manometric techniques' to measure the rate of sucrose oxidation under various circumstances. These experiments showed pH 7.5 and 0.05 M sucrose to be optimal for the adaptation to sucrose oxidation. The age of the cells at the time of harvesting proved to have little bearing on their subsequent ability to adapt to sucrose. In addition, it was found that maximal sucrose phosphorylase synthesis had usually been obtained in resting cellular suspensions by the end of 3 hr.
Having obtained information pertinent to sucrose phosphorylase synthesis, experiments were performed to test for interactions between the formation of this enzyme and amylase.
To determine what effect the sequential induction of these two enzymes would have on the final enzyme levels, cells were grown in lactate medium for 24 hr, washed, and divided into five aliquots. The first aliquot was then shaken with sucrose for a period of 4 hr, and after this the cells were washed and resuspended in buffer plus 0.2 per cent starch for an additional 4 hr (susIAlthough invertase activity undoubtedly contributes to the dissimilation of sucrose by these organisms (Doudoroff, 1943) , direct determinations of sucrose phosphorylase activity, using extracts of cells induced under these conditions, showed a good correlation between the levels of this enzyme and oxygen uptake of intact cells. pension A). A similar process was performed with a second aliquot of cells except that during the initial period of 4 hr the cells were in starch, and during the second 4 hr they were in sucrose (suspension B). Two additional aliquots of cells were shaken for 4 hr in buffer only. The cells were then washed twice, after which 1 aliquot was induced with starch (suspension C), and the other with sucrose (suspension D). A final aliquot of cells was induced to form sucrose phosphorylase during the first 4 hr and, after washing, these cells were shaken in buffer for an additional 4 hr (suspension E). Enzyme assays for both enzymes were performed on appropriate suspensions, as indicated in "diauxie" effect (Monod, 1949) Monod and Cohn (1952) , the lag time in the induced biosynthesis of the ,-galactosidase of E. coli can and does vary according to the inductor used and, under certain conditions, is virtually non-existent. Thus, according to these authors, the kinetics of enzyme formation should be considered from the moment enzyme first begins to appear. The kinetics of the induced biosynthesis of the j@-galactosidase of E. coli (Monod and Cohn, 1952) and of the penicillinase of Bacilus cereus (Pollock, 1952) (Markovitz and Klein, 1954) . It is more likely that the deficiency is related to a reduced supply of nitrogenous compounds available within the cell for enzyme biosynthesis. This interpretation is supported by the fact that resting cells, grown on lactate, can be rendered incapable of induced enzyme biosynthesis after a period of oxidation of additional lactate, and that such celLs regain the capacity to form enzymes when acid-hydrolyzed casein is added in appropriate concentrations (Markovitz and Klein, unpublished experiments) .
Studies on enzyme formation in certain strains of S. cerevisiae (Spiegelman and Dunn, 1948; Halvorson and Spiegelman, 1953) suggest that these yeasts are capable of turnover of nitrogenous compounds in order to supply nitrogen for enzyme synthesis. The present results, which show that sucrose phosphorylase does not decrease upon the subsequent formation of a-amylase, are in agreement with the results of experiments on the (3-galactosidase of E. coli (Rotman and Spiegelman, 1954; Hogness et al., 1955) .
SUMMARY
An extracellular a-amylase has been shown to be formed in resting cellular suspensions of Pseudomonas saccharophila, using maltose or starch as inducers. The kinetics of a-amylase appearance have been shown to be linear. Both substrates are essentially equivalent on a weight basis, and the level of enzyme produced is proportional to substrate concentration.
The synthesis of a-amylase is stimulated by the addition of acid-hydrolyzed casein or ammonium chloride only in the presence of inorganic salts essential for growth.
Interactions between the systems synthesizing sucrose phosphorylase and a-amylase have been observed.
